54 years), with 4 male and 3 female patients. All of the patients had received appropriate hyperthyroidism treatment (medications and/ or thyroidectomy). The average time from hyperthoyroid diagnosis-to-proptosis was 12 months, ranging from 3 to 20 months.
Orbital volume was evaluated before and after the operation using orbital CT images. IOP was measured at same period after the operation when they visited the department of ophthalmology as outpatients using an applanation tonometer (Haag-Streit International, Koeniz, Swiss).
Surgical methods

Subciliary access
Under general anesthesia, the subciliary incision was designed. Lidocaine/epinephrine mixture was injected along the eyelashes.
The incision was carried through the dermis, and the dissection was carried inferiorly in the plane above the orbicularis muscle. At the inferior border of tarsal plate, the access was continued deep to the orbicularis muscle, anterior to the septum. The periosteum was opened 2-mm below the orbital rim, and the subperiosteal space was dissected widely to expose the orbital floor, while avoiding injury to the lacrimal sac, medial canthal tendon, inferior oblique muscle, and the inferior orbital neurovascular bundle.
Transnasal endoscopic access
The medial wall was approached using a transnasal approach. After exposing the orbital floor through the subciliary access, the ipsilateral nasal cavity was prepared with cottonoid soaked with diluted epinephrine. Additionally, the lidocaine/epinephrine mixture was injected widely into submucosa. The uncinate process was removed to expose the maxillary meatus, which was widened for access to the underside of orbial floor. The medial orbital wall was exposed by pushing the middle turbinate medially with the mucosa dissected in anterior-to-posteorior direction.
Methods and range of decompression
With adequate exposure of medial wall and orbital floor, a periosteal elevator was used to fracture the walls. The fracture fragments were removed using fine tipped endoscopic rongeur and forceps. Thicker portion of the walls were resected using osteotome and burr. The medial wall was decompressed from the posterior ethmoidal sinus to the anterior sphenoid body, to the neighboring cribriform plate, and to the posterior wall of the nasolacrimal duct.
The orbital floor was removed with a 5-mm margin left intact along the orbital rim. All of the bone medial to the infraorbital groove was removed, which was continued into the medial wall under endoscopic vision.
After completion of the bone removal, the periorbital tissue was incised for soft-tissue decompression as needed. Three or four incisions were made in the anteroposterior direction, while evaluating the degree of orbital fat herniation with manual reduction of the globe. If proptosis was severe enough, the periorbita was opened completely to allow further herniation of the orbital soft tissue into the ethmoid and maxillary sinus.
Any bleeding from exposed bone was controlled using Surgicel At each of the operation, an opthlamologist was present to evaluate for optic and oculomotor functions (pupillary reflex and forced duction tests), all of which were normal at the time of dressing.
Postoperative treatment
Nasal packing, merocel, and traction sutures were removed after 3 to 5 days. Patients were discharged home after 7 days and followed at week 2 and at months 1, 2, 4, and 6.
Measurement of orbital volume
Orbital volumes were evaluated using available axial CT study data (Fig. 1) . The boundary was traced along the bony boundary, and the axial area containing the soft-tissue was calculated using 
Intraocular pressure measurement
IOP was assessed using applanation tonometer before and after the operation by ophthalmologists.
Statistical analysis
Changes in orbital volume and IOP measurements were analyzed using Wilcoxon signed-ranks test.
RESULTS
The mean preoperative orbital volume was 22.9 cm Table 2) .
Out of the 9 orbital decompressions, orbital volume had increased significantly from preoperative to postoperative evaluation (p=0.005). The difference in intraocular measurements was not statistically significant (p=0.240) with variable distribution of IOP change across the operated eyes (Table 3) .
DISCUSSION
In patients with thyrotoxic ophthalmopathy, the purpose of orbital decompression is to allow the increased volume of orbital soft Two-wall decompression has been reported to result in good outcomes without serious complications. Among single-wall techniques, the space beyond medial wall is known to accommodate the most volume of soft tissue herniation. In addition, medial wall decompression was associated with a more effective protection for compressed optic nerve, as it is located medially in the posterior orbital wall [3] [4] [5] . Single-wall decompressions; however, can often result in an off-axis mobilization of the eye with resulting diplopia. This is most likely due to the fact that thyrotoxic ophthalmopathy tends to involve hypertrophy of the medial and inferior rectus muscles [6] [7] [8] .
Concomittant decompression through the medial and lateral walls is effective. If correction of proptosis is the main purpose, it is more effective to decompress the lateral orbital wall. However, it may reduce postoperative diplopia, which is still controversial. In lateral wall decompression, the entire superolateral area of the orbit is necessary to expose the anterior cranial fossa and dura mater of middle cranial fossa, which is associated with serious intracranial complications andincreased operative time. In addition, herniation thru the lateral wall allows conduction of masticatory forces from temporalis muscle to the orbit, which results in the eyeball moving with chewing [9] .
Few studies have evaluated orbital volume in a quantitative manner following decompression [6] . Most studies have evaluated postsurgical outcomes in terms of proptosis (Hertel exophthalmometry) and/or intraocular pressure (tonometer). In the present study, we have adopted a method of orbital volume assessment previously developed for evaluation of orbital fracture [10, 11] .
Among the 9 orbits in our review, two-wall decompression was associated with an average of 7.3 cm Two-wall decompression in our study was associated with a 2.1 mmHg decrease in IOP, but this result was not statistically significant. In patients with normal preoperative IOP (11-20 mm Hg), the postoperative IOP was not different, and most of the large reduction in IOP could be attributed to those patients with intraocular hypertension. Though the orbital volume was increased, some of the patients continued to demonstrate intraocular hypertension. In 2008, Sagili et al. [13] reported that orbital decompres- 
